In opening this discussion on the concept of the thymic origin of Hodgkin's disease and its possible significance to both pathologists and clinicians, I hesitate to add yet one more histogenetic possibility to the large number of diverging opinions that already exist as to the precise nature of Hodgkin's disease. By doing so, I hope that certain practical points may emerge for the further elucidation of this puzzling disease.
In a recent publication (Thomson, 1955) it was suggested that Hodgkin's disease was a tumour arising in the thymus gland and metastasizing from this site to give the clinical manifestations of Hodgkin's disease.
The detailed histological pattern of Hodgkin's tissue with its mononuclear cells, "mirror image" and "Dorothy Reed" giant cells, lymphocytes and eosinophils incorporated within a fibrous stroma, has been firmly established since the beginning of the present century. While these histological characteristics have ceased to be controversial issues, the precise nature of this polymorphic cellular pattern remains in doubt.
Many workers have regarded Hodgkin's disease as an infective granuloma and a large variety of organisms, including tubercle bacilli, viruses, diphtheroids, brucella organisms and parasites have been isolated from the affected tissues and claimed by their several founders as the causative agents. None of these bacterial claims has been fully substantiated and it appears that each of these incriminated organisms was merely a secondary invader in already diseased tissues.
By exclusion of this inflammatory aetiology a neoplastic nature becomes the more probable, but as Anderson (1953) remarks: "It is difficult to conceive a neoplasm in which the tumour cells are of so many different types. " The most favoured method of circumnavigating this polycellular histogenetic problem is to invoke the reticulum cell, with its diverse powers for differentiation, as the cell of origin and to state "There is now no room for doubt that Hodgkin's disease is a form of sarcoma of lymphoid tissue, derived from the bipotential stem cells, and exhibiting differentiation predominantly of reticular cell type with accompanying fibrosis, but also to a variable degree of lymphoid type" (Willis, 1948) .
Before accepting this dogmatic statement it will be recalled that Hodgkin's disease has been known to arise from the tissues of the thymus gland and is classified as one type of thymic tumour (Symmers, 1933).- The thymus gland has a complex histological structure as it contains both lymphocytes and epithelium. The epithelium is represented by the multinucleated Hassall's corpuscles. During their normal development these structures originate from a large mononuclear epithelial cell which then divides to form an "owl's eye" or "mirror image" type of giant cell. Further progression results in cells containing from 3 to 20 or more nuclei until the e--. Case II (a patient of Sir Daniel Davies') was a female aged 25, who presented with enlarged glands in the neck. Biopsy of one of these showed replacement by Hodgkin's tissue. A chest X-ray at this time revealed an upper anterior mediastinal mass extending to the right of the sternum. The patient was treated by irradiation to the neck and mediastinum to a tumour dose of 2,000 r, with disappearance of the mediastinal shadow as seen on the chest X-ray.
Subsequently a thymectomy was performed (Mr. D. H. Patey) and the specimen (Fig. 3) showed a thymus of normal contour but with a firm focus in the upper part of the right lobe. Histological examination of this area revealed the presence of viable tumour cells within the thymus gland.
This case illustrates Hodgkin's disease of the thymus with metastases in the cervical lymph nodes and the presence of viable tumour in the thymus following irradiation.
If the thymus is postulated as the primary site of Hodgkin's disease how are the metastatic manifestations of this disease produced? Fig. 4 is a diagrammatic representation of the normal lymphatic drainage of the thymus gland. It can be seen that there are lymphatic paths extending upwards to the cervical nodes, posteriorly to the tracheobronchial group and hence into the thoracic duct and by retrograde spread to the retroperitoneal lymph nodes of the abdomen. There is also lymphatic drainage anteriorly to the internal mammary chain. Cases II and III have already demonstrated the cervical route of dissemination.
Case IV was a man aged 30 with Hodgkin's disease diagnosed on biopsy of a cervical lymph node. He was treated by irradiation but the disease progressed rapidly and he died.
The autopsy revealed extensive mediastinal involvement with a thymic tumour and hilar node invasion ( Fig. 5) , internal mammary chain invasion (Fig. 6) , and involvement of the spleen (Fig. 7) . Case V was that of a man aged 35 with Hodgkin's disease who was treated by irradiation but the disease was generalized at the time of diagnosis and he died six months later.
Autopsy showed a thymic mass ( Fig. 8 ) with extensive invasion of the abdominal nodes and kidney ( Fig. 9 ) and a typical Hodgkin's pattern in the enlarged spleen ( Fig. 10 ).
Cases IV and V demonstrate, therefore, Hodgkin's disease having thymic tumours and showing evidence of widespread dissemination of the disease to involve the hilar nodes, the internal mammary chain, the retroperitoneal tissues and the spleen.
These five recent examples of Hodgkin's disease all had thymic tumours, but in other cases the primary lesion may not be so obvious. The possible reasons for the failure to find the thymic primary are a very small tumour, sclerosis of the lesion, or the tumour may arise from ectopic thymic tissue either in the neck or from an abnormal site within the chest. The longest time recorded in this series was nineteen years, the patient still remaining free of disease. Such a happy outcome is unfortunately uncommon but if it is accepted that it can occur and that the disease may be unifocal in origin, then a more optimistic approach can be adopted.
The most important features influencing the progress of the disease appeared to be the histological appearances of the tumour, the age and sex of the patient and stage reached by the disease when the diagnosis is first established. We have staged our cases as is shown in Table I , believing that constitutional symptoms indicate that the disease is widespread. In this, and in other respects, our staging differs from that used by Peters (1950) . Hodgkin's disease rarely gives rise to upper mediastinal compression. In the Middlesex Hospital series (Jelliffe and Thomson, 1955) , one out of a total of 227 patients showed this complication. A possible explanation could be that most of the shadow seen on the chest X-ray lies in the anterior mediastinum and does not immediately surround and compress the trachea and great vessels. Not infrequently, there is involvement of the sternum, anterior displacement of the thoracic cage and parasternal node involvement in Hodgkin's disease. This would fit in with the thymic concept. Goldman and Victor (1945) also found a high incidence of parasternal lymph node enlargement.
The most important idea that follows this new suggestion is that it may be possible to do more for the patient. UJnfortunately, at least 50% of cases have generalized disease when the patient first presents himself. Radical treatment to the thymus cannot then hope to prolong life, and it may well influence the prognosis adversely. The only benefit possible following the renaming of the disease at this stage might be an improvement in the mental condition of the patient who knows he has that apparently invariably fatal condition, Hodgkin's disease.
If the disease is localized in extent, then radical treatment might be expected to improve the prognosis, if this new idea is correct. Dr. Thomson suggests that the disease may arise n the neck or mediastinum. It is likely that it will be in the latter site in at least four out of five cases, but presumably both sites would have to be treated. There are two possible methods by which a radical cure would be attempted.
Surgical excision has been advised in the past, and a few long term successes have been recorded (Table II) may be of greater benefit in the future. The generally accepted tenets of cancer surgery are that the diseased organ should be removed with its fascial connexions and its lymphatic field, where practical, in one block. If this is accepted in this case, then the thymus should be removed in continuity with the cervical, internal mammary, anterior mediastinal and tracheobronchial groups of lymph nodes. Radical pneumonectomy, as advocated by Brock and Whytehead (1955) , is clearly a reasonable proposition when dealing with carci-
Proceedings of the Royal Society of Medicine 6 noma of the bronchus, a disease which has responded poorly to less radical forms of treatment and which is rarely curable when seen by the radiotherapist. I do not think the even more radical operation is justified in a disease which is extremely radiosensitive. The problem closely resembles that met with in seminoma of the testicle where irradiation to the abdomen gives the best results. 'Unsuccessful attempts at radical removal will lead to scarring and a reduction in blood supply with a decrease in the radiosensitivity of the tumour. It should be considered only when irradiation has failed. Assuming Dr. Thomson's views are correct, radiotherapy would offer a more logical approach to the problem, with a real hope of cure in probably not more than 20% of all cases. When the disease is apparently limited to the neck, or to the neck and thorax, a radical course of X-rays should be given to both regions. There is little available information as to the quantity of radiation necessary to ensure inactivation of a diseased area in Hodgkin's disease. From our review of the Middlesex series we believe that at least 3,000 r in three to four weeks is necessary if there is to be a good chance of permanent regression in the treated area. In most cases this dose level can be achieved without undue difficulty. If conventional deep X-ray therapy appears unlikely to achieve this dose, as will be the case if the patient is thickset, it may be necessary to use grid therapy or supervoltage irradiation.
Prophylactic irradiation has been advocated in the past. Peters recommends treatment to all the unaffected lymph node groups of the body. If the disease is indeed multifocal in origin there is little hope that this will be a practical measure. If the disease originates in the anterior mediastinum or neck, prophylactic irradiation seems worth considering, although a dose level to that suggested of at least 3,000 r is not likely to be achieved over a large area.
Radical treatment to patients with already widespread disease not only appears useless, but may be harmful. The most careful selection of cases is necessary to exclude patients with generalized disease. The method of staging the Middlesex cases has been referred to previously. If there is any real doubt, it is advisable to place the case in the earlier of two stages. This will prevent an artificial improvement in the results, and will allow the patient the benefit of the doubt when consideration is being given to the best method of treatment.
There are several points which can be reasonably raised against this new idea. The Lancet (1955) recently published a well-balanced and constructive criticism of Dr.
Thomson's work. I have two further criticisms of my own. The first is that I cannot fit into this new theory the rare case of mycosis fungoides that may continue for up to twenty years before the patient finally develops generalized Hodgkin's disease. The second is that occasional cases of Hodgkin's disease have been reported with the apparent site of origin far removed from the thymus or neck. The longer the survival of the patient without the appearance of disease in those regions, the less satisfactory the theory of the thymic origin of Hodgkin's disease becomes.
Twenty years ago Dr. W. M. Levitt said: "Suppose that it could be shown that in a substantial percentage of cases the disease began in, say, a certain group of abdominal glands, there would be at least a ray of hope that, if this group of glands were adequately irradiated, a permanent result might be obtained in at least a small proportion" (Levitt, 1934) .
Dr. Thomson's work suggests that the word "thymus" may be substituted for "a certain group of glands". Autopsy findings are unlikely to be helpful, as invasion of the thymus at this stage would not necessarily indicate that the disease originated there, and absence of disease in the thymus might be explained by spontaneous regression of the disease, or by the almost universal use of the cytotoxic poisons when Hodgkin's disease is widespread.
I think this theory must stand or fall on the findings in the thymus at an early stage of the disease. The thymus can be easily removed after splitting the sternum and at the moment there is no reason to believe that this procedure leads to a more rapid dissemination of the disease. The patient suffers little discomfort and is usually eating normally the following day. It seems advisable to follow the operation by a full course of radiotherapy, with the shortest possible delay.
On the possible significance of the thymic origin of Hodgkin's disease, though the basic hypothesis is as yet unproven, I do feel that anything that might improve the prognosis in this tragic disease should be considered very carefully. Thomson, 1955) ; I suspect that they are right in saying that it may-at least at times-arise primarily in the thymus. It has long seemed to me that the evidence that Hodgkcin's disease often metastasizes is strong and it has been my practice to treat these patients with radical irradiation of each local manifestation of this disease as soon as it is detected and whether giving rise to symptoms or not. It does not yet seem clear to me, however, that they have either disproved the theory of the multicentric origin of Hodgkin's disease, or shown that it always arises primarily in the thymus, or that it is an entirely separate entity from reticulum cell sarcoma on the one hand and lymphatic leukaemia on the other.
The arguments in favour of the thymic origin of Hodgkin's disease seem to be of three kinds: (1) That all cell types are present in the normal fcetal thymus; (2) that there are similarities in age, clinical manifestations, sites of spread and histological appearances between thymic tumours and Hodgkin's disease; and (3) that thymectomy in Hodgkin's disease has shown the thymus to be involved and has demonstrated spread in a continuous chain of lymph nodes in the neck and parastemal regions.
The cell types are common and not inconsistent with the theory that the malignant elements may be derived from lymphocytes and reticulum cells. The similarities in behaviour with other thymic tumours do not seem impressive: thymic tumours have not been shown to metastasize to the spleen more readily than others, whereas Hodgkin's disease probably involves the spleen in 60-80% of cases. The striking predominance of renal metastases claimed for thymic tumours (Willis, 1952) is not matched in Hodgkin's disease. The evidence of thymectomy, however, though scanty is already impressive; the more operations showing thymic involvement, the better will the argument be, but a few negative findings in non-irradiated patients would reflect briskly against the theory.
The arguments in favour of Hodgkin's disease being associated with the reticuloses and leukemias are not perhaps so sound that they cannot be shaken, but they still require consideration. The frequency of transitions or associations with reticulum cell sarcoma, lymphatic leukoemia and lymphosarcoma referred to by Willis (1953) and reported by Gill and McCall (1943) or Custer (1953) , for example, must be accounted for or disposed of if Hodgkin's disease is to be established as a primary thymic carcinoma. I cannot judge the value of cytochemistry in this discussion, but the Ohio State University work (Ackerman et al., 1951) producing evidence that the reticulum cell gives rise to the Hodgkin's cell may perhaps be of importance.
The relationship between the thymus and lymphoid tumours and their hormone control has long interested me. The following observations are given merely to indicate some of the things I have had in mind. The thymus was found to be the site of origin of virtually all radiation-induced lymphomas in strain C57 black mice following whole body irradiation, but not after local treatment over skull, mediastinum, lumbar region and tail (Kaplan, 1948 (Kaplan, , 1949 , and thymic irradiation may produce leuklmia in man (Simpson et al., 1955; Dameshek, 1954) . Thymectomy prevents the development of radiation-induced lymphomas in mice (Kaplan, 1950) . Adrenalectomy in rats leads to regeneration of retrogressed thymus in old animals and a stimulation of the thymus in young animals, inducing greater receptivity to transplanted leukiemia (Sturm and Murphy, 1944) . Adrenal grafts, pituitary grafts and ACTH induce lymphoid tumours in mice (Silberberg and Silberberg, 1949, 1955; Silberberg et al., 1953 ). Cushing's syndrome in man may be associated with thymic tumours and Thome (1952) reviewed 10 cases from the literature of thymoma occurring in conjunction with this syndrome. Reports of interest in this connexion have come from Leyton et al. (1931) , Kepler (1933) and Hubble (1949) . The effect of thymolytic hormones (progesterone, testosterone, cortisone) on lymphoid tumours is said to be directly proportional to their effect on thymic weight (Kaplan, 1954) . It seems that stimulants and irritants to the thymus and hormone changes increasing thymic weight promote the induction of lymphoid tumours, while thymectomy and thymolytic hormones prevent their occurrence or assist in their regression. In the lymphoid group of tumours, therefore, the thymus would seem to be of special interest both as one of the sites of origin of local tumours and as being associated with their induction elsewhere.
If the thymic origin of all cases of Hodgkin's disease is established so that it is seen invariably to be a metastasizing thymic carcinoma, then a pattern of preferential spread to lymphatic structures such as the spleen and lymph nodes-unlike that encountered with other carcinomas-must be assumed, anj the association with other lymphoid tumours of -multifocal origin be disproved. That Hodgkin's disease frequently involves the thymus and that it may originate there-perhaps frequently and possibly in every case-is a stimulating and interesting concept.
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Proceedings of the Royal Society of Medicine 8 cal" nature. During the course of thoracic surgery he had encountered a number of anterior mediastinal tumours whose behaviour could not be classified under any known heading. There were tumours that were responsive to radiation but which, after excision, were reported as histologically benign; at the other extreme there were encapsuled tumours which had all the outward appearances of an innocent mass and yet were reported microscopically as lymphosarcoma or a tumour of highly malignant nature. When it was realized that a number of these were of thymic origin the picture became more clear, and a division into the thymocyte and epithelium forms helped to clarify matters, but there was a group which fitted into neither of these histological forms.
The usual appearance of these tumours suggested a granuloma which had a tendency to invade the innominate veins or superior vena cava, and from a surgical point of view was irremovable. These masses responded readily to radiotherapy and on many occasions have remained free from any sign of recurrence or symptoms over several years. It is this group that most resembles lymphadenoma, particularly when glands in the base of the neck and elsewhere become associated with the tumour at some stage of its career.
A point, however, that has proved puzzling has been the lack of association of this granulomatous form of tumour with myasthenia gravis. It is recognized that severe forms of myasthenia gravis may be associated with a thymic tumour as well as with an enlarged thymus. The tumour may be of benign or malignant character, but up to the present time he had not encountered any of the granulomatous types in which the patient had had signs or symptoms of myasthenia gravis.
At the present time he felt that tumours in the anterior mediastinum, if not possible of accurate diagnosis, should be treated by a full course of radiotherapy and then explored. In some instances there is no chance of excision, the tumour area being replaced by a matted, infiltrated mass which, though shrunk in size, is inextricably mixed up with mediastinal structures. On more fortunate occasions the tumour may be recognized as being part of the thymus and can be excised en bloc. On two occasions this has involved sacrificing the superior vena cava but as the patients had already established an adequate collateral venous circulation prior to irradiation they suffered little inconvenience. This policy of irradiation followed by exploration would appear at the present time to be the one most likely to lead to success.
Dr. Ian Macdonald said that Dr. Thomson had advanced evidence to support an hypothesis and had made no claim to propounding a theory. His hypothesis was interesting but would require much more evidence from himself and others before it could either be proven or discarded. To reject it because myasthenia gravis was not seen with Hodgkin's seemed to be confusing the issue.
There were great gaps in their knowledge both of the structure and function of the thymus. 
